Extensive flood damages all over the world necessitate flood risk mitigation. Land use changes affect hydrological characteristics such as total runoff and flood's peak flow. This study investigates the impacts of land use change on flooding of the Boostan dam catchment in Golestan province, Iran. For this purpose, watershed modeling system (WMS) is used to compare different types of land uses between 1996 and 2006 using corresponding maps. After calibration and validation of the model in each period of time, flooding of the catchment was evaluated using two representative parameters of peak flow and volume of flood. Comparison of land use maps in 1996 and 2006 revealed the total rangelands have been increased while good rangeland areas decreased, fair rangeland increased, and poor rangeland remained relatively constant. It means the region faces decrease in highquality rangelands in the catchment. Also the forest areas decreased. Both degradation of rangeland and deforestation intensify flooding. But peak flow and flood volume of the whole catchment have been mitigated. Because in spite of negligible change in total curve number (CN) of the catchment, rangelands in downstream and near residential areas converted to agricultural lands and upstream agricultural lands transformed to highand medium-density rangelands. This means that distribution of land use changes was in such a way, influential upstream areas in flooding, associated with reduced CNs. So the implemented biological measures have reduced the flooding potential of the catchment. Sensitivity analysis of the model showed that 5% decrease in CN can cause 40% decrease in peak flow of the catchment and in contrast and 5% increase in CN can enhance flood peak flow up to 60%.
Introduction
With the rapid population increase and the associated demand on land resources, it is now incumbent upon policy makers and land use planners to adopt preventive and restorative measures [1] . Land use is an indicator of human interaction with nature. Therefore, it is necessary to discover and monitor land use changes in order to either protect the environment or ensure sustainable development [2] . Hydrological response of a watershed is representative of a bunch of its conditions and characteristics, and so land use changes may affect the performance of watershed [3] . Hydrologic impacts of land use and land cover change appear in many ways, such as total runoff, base flow, flood's peak flow, soil moisture, and evapotranspiration [4] .
Watershed is a complex open system that should be modeled to achieve the desired objectives such as assessment and forecasting. Through the modeling of complex systems, the cost of studies will reduce, and it will be possible to predict how to manage the watershed for the future. One of the applications that are capable of geometric and hydrological modeling of watershed is the watershed modeling system (WMS). WMS was developed by Brigham University researchers in 1999 in cooperation with the US army corps of engineers. Due to the variety of appropriate hydrologic and hydraulic models included in WMS, nowadays experts use it to assess the watershed management projects [5] .
Checking the stats and information about annual damages due to flooding in Iran and the whole world indicates the impact of this phenomenon on human well-being. In Golestan province, over the past four decades, 71 major flood events have been reported that caused total 380 casualties. Therefore, developing integrated programs to curb, control, and utilize the flood using appropriate management measures is inevitable [6] . Our understanding about the effects of mechanical and biological measures on watershed response to rainfall is one of the key issues in the watershed management and flood control studies. Implementation of any treatment in the watershed associates with changes in Manning's roughness coefficient, time of concentration, vegetation, and permeability of the soil. So it can cause changes in rainfallrunoff relation of the watershed and eventually flood peak discharge [7] .
Many researchers investigated land use changes in different places. Ariapour et al. [8] studied land use changes of Barabad-Darook district in Sabzevar City, Iran, during 1987-2007 using remote sensing. Results indicated that third-rated and first-rated rangelands have been decreased from 6.85 to 4.14% and from 0.35 to 0.01%, respectively. Also irrigated agricultural lands are to be decreased from 6.53 to 0.07%. Therefore first-rated rangelands and irrigated agricultural lands have been nearly disappeared in this 20-year period. Nasri et al. [9] in Ardestan, Iran, used GIS and showed that almost 31% of the total area of the region had undergone some changes during a 30-year studied period.
Several studies on WMS and the relationship between land use change and floods have been conducted in Iran and other countries that some of them are mentioned here. Khosroshahi and Saghafian [10] used WMS and, according to curve number (CN) parameter sensitivity analysis, introduce it as the most sensitive parameter for calibration. Githui et al. [11] studied River Nzoia catchment, Kenya, in a time period with an increase in agricultural area from 39.6 to 64.3% and a decrease in forest cover from 12.3 to 7.0%. It caused difference in runoff ranging from 55 to 68%. Assessing the impacts of land cover change on hydrological regimes which has been done by Germer et al. [12] showed influence of land use change and proved that deforestation for pasture may increase runoff volumes over wide regions of Amazonia. Hosseini [13] studied the WMS model capability in determining the flood peak flow in the Khuzestan Province, Iran. The results showed that WMS models' computed flood has a good correspondence with empirical equations' calculated values in this Khuzestan Province.
Asharf et al. [14] assessed the impact of land use change on Rawal watershed, sub-Himalayan region hydrology. They observed a decrease of over 16% in the scrub forest coverage, while built-up land increased threefold during 1992-2010 period that resulted in an increase of about 6% in the water yield and 14.3% in the surface runoff of the watershed. Zadsar and Azimi [15] studied impact of land use changes on hydrological response Gorganroud catchment, Golestan, Iran, using SWAT. Accordingly, biomechanical measures can reduce runoff up to 20.7%.
Although flood is mainly a function of climatic conditions, especially the amount, intensity, and spatiotemporal distribution of rainfall, various features of watershed such as land cover and land use that consist of rangeland and forest degradation are other effective parameters. In this chapter, the effect of land use changes, especially rangeland and forest degradation, on peak flow of flood have been evaluated in Boostan dam catchment involving 14 watersheds.
Materials and methods
Boostan dam catchment is a part of Gorganroud basin in the east of Golestan province, Iran ( Figure 1 ). It drains approximately 1562 km 2 and is situated within 37 23΄ to 37 46΄ north latitude and 55 26΄ to 56 4΄ east longitude.
In this chapter, impact of land use changes specially rangeland and forest degradation on runoff generation and flooding potential in Boostan dam catchment with 14 sub-basins was studied by employing WMS (version 7). For this purpose, digital elevation model (DEM) is prepared, and land use maps of the catchment in two time periods of 1996 and 2006 ( Figure 2 ) are compared in GIS. This time interval was chosen due to major watershed management measures in the region performed in these years. The investigation involves amount of changes in land use as well as its spatial distribution. So areas of each land use types such as forest, rangeland, and agriculture are calculated and compared. Then distribution of the changes in upstream and downstream areas of each watershed was determined.
In general, watershed management measures in the Boostan dam catchment area can be classified in mechanical operations including construction of debris dams (61 items), rocky mortar structures (5 cases), and gabioning (55 items) and biological measures such as grazing plans, pitting along with seeding, and fertilizing. Also in Chenarly, Gharnave, and Karim ishan sub-basins' extensive forestation has been carried out. In order to incorporate spatial distribution of land use changes, the catchment was divided into 14 watersheds using WMS. Runoff curve number values were obtained and rainfallrunoff modeled according to soil conservation service (SCS) method. The runoff curve number (also called a curve number or simply CN) is an empirical parameter used in hydrology for predicting direct runoff caused by rainfall. CN is a dimensionless number that relates to soil and covers conditions of the catchment and has a range of 0-100. CN = 0 means no runoff, and CN = 100 means no infiltration, and it is documented by SCS [16] . The soil conservation service (SCS) model estimates precipitation excess as a function of cumulative precipitation, soil cover, land use, and antecedent moisture. This method generates CN values integrating land use/land cover and hydrologic group of soil to determine precipitation lost [17] . S in this method is potential maximum retention after runoff begins (Eq. 1). On the other hand, R indicates total runoff (Eq. 2). This equation is only valid for P > 0.2S; if P is less than or equal to 0.2S, there is no runoff. In this section, the lag time is calculated using the SCS method, which is done separately for each sub-basin. The SCS CN method relationships are as follows (Eq. 3 to Eq. 6):
T c ¼ 1:67 T lag (6) where P = accumulated rainfall depth at time t; T lag = the basin lag, defined as the time difference between the center of mass of rainfall excess and the peak of the unit hydrograph (UH); L = hydraulic length (the longest flow path in the watershed); Y = average watershed slope in percent; T p = time to peak; ∆t = the excess precipitation duration (which is also the computational interval in the run); U p = peak of standard UH; A = watershed area; and T c = time of concentration.
The model calibration performed by optimizing estimated curve number and efficiency of optimized model is evaluated by comparing observed and simulated hydrographs of real flood events. Some other flood hydrographs used to indicate validity of the model. After validating the hydrological model of Boostan dam catchment, the effect of land use changes that caused changes in curve numbers was examined in several rainfall events. It should be noted that to investigate the impact of rangeland and forest degradation on flooding of the catchment, two representative parameters of peak flow and volume of flood were considered.
Watershed modeling system (WMS) is equipped with automatic calibration in a feasible range. In this approach changing of some parameters continues until the best matching of the observed hydrograph and simulated one is achieved, and the most suitable values of calibration parameters are obtained. In calibration phase, due to the importance of peak discharge of flood, maximum discharge is considered as the fitting index. Regarding the use of SCS method, the curve number (CN) is considered as calibration parameter.
Physiographic characteristics are main inputs of hydrological modeling software WMS. In order to calculate physiographic characteristics of the catchment, 1:250,000 topography maps of national cartographic center of Iran in 2006 have been used. Calculated values for each watershed of Boostan dam catchment are shown in Table 1 .
Soil hydrologic group map is another input data for SCS model, and the amounts of runoff depend on it. Map of soil hydrologic group of the catchment is presented in Figure 3 .I n Figure 3 , B and C represent soil hydrologic groups with permeability in range of 3.8-7.5 and 1.3-3.8, respectively.
As the next step, each of land use maps of 1996 and 2006 was integrated with soil hydrologic group map in WMS, and then using the table of CN ( Natural Hazards -Risk Assessment and Vulnerability Reductionrainfall records of rain-gauge stations in and around Boostan dam catchment provided by Golestan Regional Water Authority are used. Table 3 shows some information about these stations.
It should be noted that in this chapter, to analyze the model's results, observed and simulated hydrographs of three flood events are compared using four statistics including root mean square error (RMSE), coefficient of determination (R 2 ), Nash Sutcliffe efficiency index (E), and index of agreement (d). RMSE indicates the error rate, and zero is the best value for it [18] : 
in which O i (t) is observed discharge at time t, Pi (t) is calculated discharge at time t, and n is the number of observations.
Coefficient of determination is a number between 0 and 1 and the number closer to 1; the correlation between the observed data and computed values is better [19] : Table 3 . Some information about rain-gauge stations in and around Boostan dam catchment.
Natural Hazards -Risk Assessment and Vulnerability Reduction
Nash Sutcliffe efficiency index ranges from negative infinity to 1 that means observation data and calculated ones are entirely corresponded [20] . An efficiency of 1 (E = 1) corresponds to a perfect match between model and observations. An efficiency of 0 indicates that the model predictions are as accurate as the mean of the observed data, whereas an efficiency less than zero (À∞ < E < 0) occurs when the observed mean is a better predictor than the model. Essentially, the closer the model efficiency is to 1, the more accurate the model is:
Finally index of agreement is between 0 and 1; the values closer to 1 show higher accordance between the observed and computed data [19] :
Sensitivity of the model to CN was analyzed to assess effectiveness of this variable factor on floods in the region. In this chapter, the sensitivity of flood peak flow at the catchment'soutletto the curve number was determined. For this purpose, the parameter changed from À10 to +10%, and its impact on the flood discharge was determined.
Results
Land use changes were assessed using GIS in ArcMap 9.3 framework. Land use maps have been prepared by the Department of Natural Resources and Watershed Management in Golestan province. The results are presented in , and low-density rangeland area remained relatively constant. This represents a decrease in rangeland quality of the catchment, which has a negative impact on its flooding.
Result also revealed that rangelands in downstream and near residential areas changed to agriculture. On the other hand, upstream agriculture areas in 1996 changed to high-and medium-density rangeland probably due to lack of precipitation. Also some areas located in Golestan National Park territory changed from medium-density forest to medium-density rangeland that can be caused by natural or anthropogenic factors that have a great importance from environmental point of view.
The other land use changes occur in this region are change from medium-density forest to lowdensity forest. Moreover, some high-density forests and low-density forests have been cultivated. Of course in few cases low-density forest changed to medium-density forest.
Determined curve numbers using calibrated Boostan dam catchment model before and after the implementation of watershed management measures are presented in Table 5 . As demonstrated the total catchment's CN decreased from 78.21 to 78.05 that is ignorable.
Soil moisture retention, lag time, and time of concentration are calculated using SCS method and CN values. These calculations are performed by WMS software for each 14 watersheds. These parameters before and after implementation of watershed management measures are shown in Table 6 .
Calibration and validation of WMS models are performed using three and two flood events in Tamar hydrometric stations, respectively. These flood hydrographs are shown in Figures 5 and 6 .
The results of model verification indicate that there was a good coincidence between observed data and computed hydrographs in WMS. For example, coefficients of determination values were between 0.87 and 0.92 which suggests a high correlation. Table 7 shows calculated statistics for the flood events used in model validation. Table 8 demonstrates the impacts of land use changes due to rangeland and forest degradation on peak flow, and volume of flood in different return periods is shown. The mentioned results show that, for example, the mean 25-year peak flow decreased 15% between 1996 and 2006. Table 9 shows different impacts of land use change due to rangeland and forest degradation on peak flow and volume of flood in all 14 watersheds of the catchment in 25-year return period. Table 6 . Soil moisture retention, lag time, and time of concentration before and after implementation of watershed management measures.
Sensitivity analyses investigate the model's sensitivity to changes in CN of watersheds of Boostan dam catchment. Figure 7 shows flood's peak flow sensitivity to changes in curve number. Accordingly, 10% decrease and increase in CN values can cause up to À50 and 150% change in peak flow, respectively. 
Discussion
According to statistics, simulated hydrographs are modeled properly compared to observe ones, so that the index of agreement ranges from 0.87 to 0.93, coefficient of determination (R 2 ) from 0.87 to 0.92, and root mean square error from 0.66 to 0.58 and Nash Sutcliffe efficiency indices are between 0.32 and 0.75. So the model showed good performance that it corresponds with results of Hosseini [13] .
In spite of abovementioned land use changes that all had negative impact on flooding, the peak flow of modeled floods reduced. For example, the 25-year peak flow was decreased 15% that is in contrast with results of Githui et al. [11] as well as Asharf et al. [14] . The reason seems to be the distribution of changes that can be represented as the key achievement of this study. There were rangelands in downstream and near residential areas that changed to agriculture and upstream agriculture areas changed to high-and medium-density rangeland. So despite negligible change in total CN of the catchment, changes were in such a way that curve numbers of high slope areas in upstream lands that are effective in generating flood have been reduced that had decreasing impact on flood characteristics. Results of the sensitivity analysis emphasize on the importance of curve number parameter that is used to calibrate the model, and it corresponds with Khosroshahi and Saghafian [10] . The sensitivity analysis showed that if CN reduce 5%, peak flow of the catchment would decrease 40%, and on the other hand, 5% increase in CN will increase flood peak flow up to 60% that prove the importance of biological watershed management measures and prevention of forest and rangeland degradation. Table 9 . The impacts of land use change on peak flow and volume of flood in different watersheds in 25-year return period. Natural Hazards -Risk Assessment and Vulnerability Reduction
Conclusions
In this chapter, hydrologic response of Boostan dam catchment in 1996 and 2006 simulated using WMS. Land use map investigation showed that the study area has 11 types of land uses. Assessment of changes in land use of Boostan dam catchment in the period 1996-2006 indicates that due to deforestation, more than 1.56% of the area is added to the farm lands. According to the results during the 10-year period, the total forest area has decreased, from 25.67 to 22.50%, and in contrast the rangeland area has increased from 41.53 to 42.63%. So the total forest and rangeland land uses in the catchment decreased almost 3%. Moreover in this period of time, high-density rangeland decreased 78.47 km 2 in other words 35.02% of its initial area; semi-density rangeland increased 96.24 km 2 that means 25.89% of its initial area, and low-density rangeland area remained relatively constant. This represents a decrease in rangeland quality of the catchment, which has a negative impact on its flooding. On the other hand, residential area increased more than seven times that has a negative impact on flooding too. It can be concluded that the implemented biological measures during this period of time have been effective to mitigate floods of the catchment.
It can be suggested that forestation in high lands as the main factor to mitigate flooding of a reign should continue and amplify. On the other hand, land management plans should focus on not only changes in main land uses (forest, rangeland) but also degradation in a particular land use, such as decline in quality of rangelands in the current study. 
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